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Abstract. Introduction. Bioimpedansometry is one of the methods that describes the absolute and relative amount
of muscle and fat tissue, water sectors of the body. Determining the patterns of changes in the component
composition of the body depending on the degree of obesity in children will improve the efficiency of therapeutic
actions aimed at reducing body weight. The aim: to estimate the features of component composition of the body
in children with varying degrees of obesity. Materials and methods. 152 children 7-17 years of age with obesity
took part in one-time research based on the Clinic of Saint Petersburg State Pediatric Medical University: 27 people
with | degree, 50 people with Il degree, 42 with Il degree and 33 had morbid obesity. The control group consisted
of 25 healthy children without obesity. For evaluating the composition of the body, the “ABC-01 MEDASS-device”
was used, St. Petersburg. The main indicators were estimated: body fat mass and it's share, lean body mass, active
cell mass and it's share, skeletal muscle mass and it's share, specific basal metabolic rate, total body water and
extracellular water. Results. The proportion of body fat mass at I-Il degrees is not expressed and increases by 12-
16% at lll-1V degrees of obesity. The lean body mass increases with increasing the degree of obesity: | degree —
22.3% increasing; Il degree — 42.1% increasing, lll degree — 51.1% increasing, IV degree (morbid obesity) — 73%
increasing. The indicator of Active cell mass decreases as the degree of obesity increases. The deviation of active cell
mass in children with | degree of obesity was lower by 9.4% compared to the control group, with Il degree — by
11.8%, with Il degree — by 16.6%, with IV degree (morbid) — by 21.15%. The incidence of “sarcopenic obesity”
(decrease in skeletal muscle mass and its proportion): in 25.5% of children with morbid obesity, in 20.5% with IlI
degree and 10% with Il degree. The indicator of total body water in children with |-l degrees of obesity is the same
and increased by 24.7%, with Ill degrees — by 44.1%, with IV degrees (morbid) — by 63%. Conclusion. Obesity
has an influence on the body composition parameters in children. These changes are different and depend on the
degree of obesity. The most expressed disorders are observed in adolescents with long-term morbid obesity.
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Pesiome. BgedeHue. Bmommnep,chomeTpvm ABNAETCA OAHUM U3 METOL0B, ONMNCbIBAOLLNX abCoNTHOE 1 OTHO-
CUTENbHOE KOMMYECTBO MbILLEYHON U )KI/IpOBOVI TKaHW, BOOHbIX CEKTOPOB OpraHn3ma. OI'IPELI,EJ'IEHI/IE 3aKOHO-
MepHOCTEIZ N3MEHEHNA KOMMNOHEHTHOIO COCTaBa TeJla B 3aBUCMMOCTU OT CTEMEHU OXKUPEHNA Y Aeter NO3BONAUT
NOBbICUTb Bd)d)EKTVIBHOCTb TepaneBTUYECKNX MepOI'IpVIﬂTVIVI, HanpaB/1IEHHbIX Ha CHUMXXeHWME MacCCbl Tena. Lens:
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OLEHNTb 0COOEHHOCTV KOMMO3UTHOFO COCTaBa Tefa y AeTel C PasfinyHOM CTEMEHbIO OXnpeHus. Mamepuarsi
u Memoosl. NpoBefeHO O4HOMOMEHTHOE UCCIIEA0BAHME, B KOTOPOM MPUHAO ydyacTie 152 pebeHKa B Bo3pacTte
7-17 neT c oxmpeHnem Ha 6aze knnHmku OrboOY BO Cr6IMMY MuH3gpaBa Poccuu: 27 yenoBek c | cteneHblo, 50
yenosek co Il cteneHbto, 42 — c lll cteneHbto 1 33 nmen MopbuaHOe oXMpeHue. Ipynmny KOHTPOMA COCTaBMIM
25 300pOoBbIX AeTen 6e3 oXupeHus. s oLeHKM KOMMO3MLMOHHOIO COCTaBa Tesla Obll MCMob30BaH annapat
«ABC-01 MEJACC», r. CaHkT-leTepbypr. OueHnBan/ oOCHOBHbIE MOKa3aTenu: »K1MpoBasd macca Tena ((KMT) n ee
fons, 6e3xnpoBas (Towlan) macca (BMT) Tena, akTvBHaA KeTouHasa Macca (AKM) 1 ee fons, CkeneTHO-MblLLEYHas
macca (CMM) n ee pons, yaenbHbli ocHOBHOM obmeH (YOO), o6uwas Boga B opraHmsme (OBO), BHeKkneTouHas
xugkoctb (BKXK). Pesynemamel. Jona XMMT npwu -1l cteneHn He pa3nuyaeTca v yBenuyeHa Ha 12-16% npwu llI-
IV ctenenun. Konnuectso BMT noBbiwaeTca ¢ yBennyeHnem CTeneHn oXnpeHns: | cteneHb — npeBbllueHne Ha
22,3%; |l cteneHb — Ha 42,1%, Il cteneHb — Ha 51,1%, IV cteneHb (MopbuaHoe) — Ha 73%. MokasaTtenb AKM
No Mepe BO3PaCTaHUA CTEMEHN OXUPEHUA CHUXKAETCA: Yy AeTen C | cteneHbio oxXupeHua otknoHeHne AKM no
CPABHEHNIO C FPYNMo KOHTPOsA 6blo HuKe Ha 9,4%, co Il cteneHblo — Ha 11,8%, c lll cteneHblo — Ha 16,6%, ¢
IV cteneHbto (MopbuaHoe) — Ha 21,15%. YacToTa BCTPEUYaEMOCTY «CAPKOMEHNYECKOTO OXKUPEHUS» (CHUKEHME
CMM n ee ponn): 'y 25,5% peteii ¢ MOpoUAHbIM oXrpeHrem, Yy 20,5% — c Ill cteneHbio n 10% — co |l cteneHblo.
YposeHb YOO 1 BKK He 3aBUCAT oT cTeneHun oxxmpeHus. Nokasatenb OBO y geten c |-l cteneHbio 0gnHaKoBbI
1 yBenuveH Ha 24,7%, c lll cteneHblo — Ha 44,1%, c IV cTeneHbio (MopbrgHoe) — Ha 63%. 3akioyeHue. Oxupe-
HUe BNUAET Ha M3MEHEHVE NapaMeTPOB KOMMO3MLIVIOHHOIO COCTaBa Tefla y AeTel. DT U3MEHEHNA Pa3fiNUHbI 1
3aBUICAT OT CTEMeHN OXKMpeHWsA. Hanbonee Bbipa)keHHble HapyLLeHWs1 HabnoAaTCA y MOAPOCTKOB C ANMUTENbHO

TEKYLM MOp6M,quIM OXpeHnem.

KnioueBble cnoBa: demu; OXUpeHUe; cmeneHb OXXUPeHUA,; KOMNO3UYUOHHbIU cocmas mesna.

INTRODUCTION

According to the World Health Organization
(WHO), obesity is the most common chronic dis-
ease in the world. The medical community is con-
cerned about its progressive growth among chil-
dren. This indicator in the Russian Federation has
reached 27% in 2022 year [1, 2]. The importance
of obesity in pediatrics is determined by the unfa-
vorable prognosis in the form of the development
of metabolic disorders and comorbid pathology
[2-4]. The determination of body mass index (BMI)
is recommended as a diagnostic criterion of obe-
sity in children [5]. However, its estimation is not
always sufficient because it does not reflect the
ratio between the components of body weight
(lean and fat mass). It is difficult to directly esti-
mate the amount of fad tissue in the body; for this
purpose, bioimpedance analysis of body compo-
sition (BIA) is used. It is a non-invasive and widely
available medical diagnostic technology for ana-
lyzing the body composition (volumes of water
score, lean and fat mass, active cell mass, etc.) and
objective assessment of a person’s nutritional sta-
tus. It is based on measuring the electrical resist-
ance of tissues (impedance) when a low-intensi-
ty electric current passes through them [6]. The
use of BIA allows to create an optimal complex
of effects on effective weight loss with control of
markers in dynamics [7-10]. In recent years, the
number of scientific publications related to body
composition studies about obesity in children

was increased [11-13]. Nevertheless, the issue of
changes and differences in the content of bone,
fat and muscle mass depending on the class of
obesity has not been fully studied.

THE AIM OF THE STUDY
To evaluate the features of body composition
in children with different classes of obesity.

MATERIALS AND METHODS
In the one-stage study, 152 children with obe-
sity aged 7-17 years were examined (boys: n=73;
girls: n=79) in clinic of FSBEI HE SPbSPMU of the
Ministry of Healthcare of the Russian Federation.
The class of obesity was taken as the basis for di-
viding patients into groups:
« Group 1 — children with | class of obesity
(17.7%; n=27);

+ Group 2 — children with the Il class of obesity
(33%; n=50);

« Group 3 — children with Ill class of obesity
(27.6%; n=42);

« Group 4 — children with IV class (morbid) of

obesity (21.7%; n=33).

The control group consisted of 25 children
without obesity.

All patients underwent standard clinical and
laboratory examination. To assess body compo-
sition, we used an AVS-01 MEDASS device (St.
Petersburg) connected to a personal computer
with installed software. The study was performed
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while patients were lying on the back with the
correct position of electrodes.

The main indices were evaluated in abso-
lute numbers and percent of deviation from the
norm: Body fat mass (BFM, kg), percentage of
deviation from normal BFM, fraction of fat mass
(BFM, %), percentage of deviation from normal
BFM fraction, fat-free (lean) body mass (FFM, kg),
percentage of deviation from normal BFM, active
cell mass (ACM, kg), fraction of active cell mass
(ACM, %), percentage of deviation from normal
ACM fraction, skeletal muscle mass (SMM, kg),
percentage of deviation from the normal SMM,
fraction of skeletal muscle mass (SMM,%), per-
centage of deviation from the normal SMM frac-
tion, specific basic metabolism rate (SBM, kcal/m
per day), percentage of deviation from the nor-
mal SBM, basic metabolism rare (BM, kcal/day),
total body water (TBW, kg), percentage of devi-
ation from the norm of TBW, extracellular fluid
(ECF, kg), percentage of deviation from the norm
of ECF. A statistical processing was performed
using the program STATISTICA 10.0 (StatSoft
Inc., USA). All data are presented as median and
interquartile range, because the most of studied
parameters did not have an approximate-normal
distribution. The Mann-Whitney test was used to
assess the reliability of differences between the
studied groups. A correlation analysis was per-
formed using Spearman's criterion. The critical
level of significance of differences was accepted
as p<0.05.

RESULTS AND DISCUSSION

The height values in the studied groups of chil-
dren with obesity were 159.7 [120;198] cm. The
physical development above average and high
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was found in 76% of adolescents. The body weight
values in the main group were 84.3 [40.8;169] kg.
The waist circumference was 100 [85;115] cm and
hip circumference was 98 [91;105] cm. The distri-
bution of subcutaneous fat tissue was uneven, with
an emphasis on the abdomen. The sexual develop-
ment of the children corresponded to II-V stages
according to Tanner.

Fat mass

There was excess of fat mass in children with
obesity compared to the control group (p=0.03)
(Fig. 1).

The excess of fat mass compared to the control
group in children with |-l classes was in 8.4%, with
[l class — 12.7%, with IV class — 16.2% (p=0.01).

There was a direct perfect correlation between
BFM and BMI (r=0.95), FFM (r=0.91). A mode-
rate correlation was found between BMI and FFM
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Tpynna Oxmp. 1 Oxup. 2 Oxmp. 3 Oxup. 4
KOHTpQIS CTeTeHH cTenenu cTen enu cTemern
(The control (The 1 degree  (The 1 degree  (The 1degree  (The 1 degree

group) of obesity) of obesity) of obesity) of obesity)

Fig. 1.  Mean values of fat mass (kg) in obese children and
in the control group

Puc. 1. CpenHue 3HauYeHMs XMPOBOM MacChl (Kr) y AeTen
C OXXMPEHWEM U B rpynne KOHTPOns

Table 1. Amount of lean mass in children with different degrees of obesity

Ta6bnuua 1. Konnuectso Touel Macchl y fieTel ¢ pa3fMuHON CTeNeHbIo OXKUpPeHus

WNccnepgyemas rpynna / The study group

MpeBblweHna BMT no
CpaBHEHMIO C rpynmnomn
KoHTpona, % /

The excesses of the lean
body mass compared to
the control group, %

CpepHee 3HauyeHne
KonunuyecTsa Tolen
Macchbl, Kr /

The mean of lean mass, kg

lpynna koHTpons / The control group 40,25

Oxupenne | ctenenn / The | degree of obesity 49,22 22,3%
Oxupenne Il ctenenn / The Il degree of obesity 57,19 42,1%
Oxupenne lll ctenenn / The Il degree of obesity 60,82 51,1%
Oxupenne IV ctenenn / The IV degree of obesity 69,63 73%
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Fig. 2.  Mean values of lean mass percentage (kg) in obese

girls and boys and in the control group

Puc. 2. CpepHue 3HaueHus ponu Towen Mmaccobl (Kr) y
[LleBOYEK U MANbYMKOB C OXKMPEHUEM U B Ipynne KOHTPONs

(r=0.61), which indicates that the increase in BMI
in overweight and children with obesity is mainly
due to an increase in BFM. To a lesser extent BMI
in children with obesity is affected by FFM.

Lean body mass (fat-free mass)

The mean values of FFM in children in the stu-
died groups are presented in Table 1.

A statistically significant excess of FFM was
found in 30% of adolescents (13-17 years old)
with obesity (p=0.0001). There was a significant
difference in the value of FFM excess. It was 72,9%
in girls and 41,3% in boys (p=0.02) (Figure 2).

The percentage of FFM deviation was not the
same in groups of different classes of obesity, in
all groups it was exceeded: in group 1 — 22.3%;
in group 2 — 42.1%; in group 3 — 51.1% and in
group 4 — 73% (p=0.003) (Figure 3).

Active cell mass

Active cell mass (ACM) includes actively me-
tabolizing muscle cells, cells of internal organs,
and nervous tissue. The ideal proportion of ACM
is 50-56% [6]. The importance of maintaining nor-
mal ACM is confirmed by a number of studies, ac-
cording to them, the ACM is a needed part to lose
a fat mass in the process of reducing body weight.

A decrease in the number of metabolically active
cells leads to a decrease in the metabolic rate and
causes a constant feeling of hunger, signaling that
the cells of the body are undernourished despite the
large amount of energy scores in the body [2].
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Fig. 3. Level of deviation of lean mass percentage (%) in

children with different degrees of obesity

Puc. 3.  YpoBeHb OTKNOHEHMS AONM Towen Maccol (%) y
neTell C pPa3NMYHON CTENEHbI OXUPEHUS
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Fig. 4. Dependence of ACM level on the degree of obesity
Fig.4. Dependence of ACM level on the degree of obesity

If we think that children with obesity experi-
ence a greater sense of hunger compared to chil-
dren with normal body weight, it can be argued
that low levels of ACM are a serious problem in
the weight loss process.

There is a tendency: the ACM decreases if the
degree of obesity increases. In children with class
| of obesity, the deviation of ACM compared to
the control group was lower by 9.4%, with class
Il — by 11.8%, with class Il — by 16.6%, with class
IV — by 21.15% (p =0.003) (Fig. 4).

Skeletal muscle mass

In 56% of the examined children with obesity,
a decrease in the level of SMM and its fraction was
detected (p <0.05). A normal fraction of SMM was
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found in 29% and in 15% was increased (p <0,05).
The condition of progressive loss of muscle mass
is most studied in elderly patients and children
with oncologic diseases, cerebral palsy, in the
postoperative period and is called "sarcopenia” [9,
10]. The "Sarcopenia" on the background of obe-
sity in children is a poorly studied problem and
deserves a special attention [10]. The frequency
of "sarcopenia” increased with increasing of class
of obesity: a 25.5% of the examined patients with
decreased SMM had IV class of obesity (morbid),
20.5% — lll class and 10% — Ill class (Fig. 5). The
88.1% of the examined children with low SMM
had along (> 5 years) course of obesity diagnosed
at an early age, progressing in puberty.

Specific basic metabolism

When evaluating the SBM, it was found that
in the group of patients with obesity the values
were higher than in the control group. A study of
correlations demonstrates a direct relationship
between the level of ACM in the main group of

60%

50%

0%

30%

20%

10%

0%

Onxmp. 1 Oxmp. 2 Osmp. 3 Osxup. 4
CTeleHn CTelleHH CTel eHH CTelleHH
(The 1 degree  (The 1 degree  (The 1 degree  (The 1 degree
of obesity) of obesity) of obesity) of obesity)

Fig. 5.  Frequency of “sarcopenia” among children with
different degrees of obesity

Puc. 5. YactoTa «capkoneHuu» cpenu LeTeil C pasnuyHoOM
CTEeNeHb0 OXUPEHUS
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children with obesity and the level of SBM in this
group (r=0.84). A weak direct correlation (r=0.27)
was found between the level of SBM and BFM, in-
dicating an increase in SBM in children with obesi-
ty due to an increase in the number of metaboliz-
ing cells rather than adipose tissue. No statistically
significant differences in the level of SBM depen-
ding on the degree of obesity were found.

Total body water

In 100% of cases, an excess of TBW was found
in children with obesity compared to children of
the control group (Table 2).

If the class of obesity increases, there are
an increase in TBW, in girls largely than in boys
(70.2 and 41%, respectively) (r=0.91, p=0.001).
In children with -1l classes it was by 24.7 %, with
Il class — by 44.1%, with IV class — by 63%
(r=0.92, p=0.002). There was a difference in the
degree of TWO excess between boys and girls
with IV class of obesity by 39.7 and 67.3%, re-
spectively (p=0.0002).

According to a number of researchers, the specific
weight of water in adipose tissue is much lower than
in muscle tissue [6]. Thus, the muscle mass makes the
greatest contribution to the increase in the level of
TWO, which is confirmed by the correlation between
the ACM and value of total water (r=0.9).

Extracellular fluid

The change of ECF value was found in children
with obesity of high school age only (15-17 years
old). The decrease in the amount of ECF was found
in 26% of children with Ill-1V classes of obesity and
increase — in 6.2% (p=0.001).

CONCLUSION
Obesity makes a significant contribution to
changes in body composition in children. The

Table 2. Mean values of total body water in obese children compared to the control group

Ta6bnuua 2. CpegHue 3HaueHus OBO y geTeri ¢ 0XKnpeHnem no CpaBHEHMIO C FPYNNOi KOHTPONA

CpepHee 3HayeHNe ypoBHA [MpeBbilWweHNA N0 CpaBHEHUIO
Vicenepyeman rpynna / The study group Mean vaIcL)Jlec;I:cétal body Tch;pZ;:eZZezocfrizgiéZ)tg
water, kg the control group, %

lpynna koHTpona / The control group 44,3

OxwpeHne | ctenenn / The | degree of obesity 54,75 23,61

OxwupeHne Il ctenenn / The Il degree of obesity 55,24 24,7

OxwupeHue lll ctenenn / The lll degree of obesity 63,84 441

OxwupeHue IV cteneHn / The IV degree of obesity 72,21 63
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changes are different and depend on the class of
obesity. The most pronounced disorders are ob-
served in adolescents with long-term morbid obe-
sity.

1. The proportion of BFM is not different in I-I|
classes of obesity and increased by 12-16% in Ill-
IV classes.

2. The amount of FFM increases with increas-
ing of class of obesity: in the | class, it exceeded by
22.3%, Il class — 42.1%, lll class — 51.1% and llI
class (morbid) — 73%.

3. The ACM value decreases with increasing
of the class of obesity: in children with | class of
obesity, the deviation of ACM compared to the
control group was lower by 9.4%, with Il class —
by 11.8%, with Ill class — by 16.6%, with IV class
(morbid) — by 21.15%.

4. The frequency of "sarcopenic obesity" (de-
creased SMM and its proportion): in 25.5% of chil-
dren with morbid obesity, in 20.5% with Ill class
and in 10% with Il class.

5. The levels of SBM and ECF are independent
of the class of obesity.

6. The TBW in children with I-Il classes of obe-
sity is the same and increased by 24.7%, with IlI
class — by 44.1%, with IV class (morbid) — by
63%.
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AOMNONIHUTENbHAA UHOOPMALUA

Bxknag aBTOpoOB. BCce aBTOpbl BHeCn cylie-
CTBEHHbIV BKNag B pa3paboTKy KoHuenumu, npo-
BelleHMe ucciefoBaHMA M MOAFOTOBKY CTaTbW,
npounu n ogodpunn GuHanbHy Bepcuio nepes
ny6nukaumen.

KoH}nuKT nHtepecos. ABTOPbI AeKNapupyoT
OTCYTCTBUE ABHbIX Y MOTEHLMaNbHbIX KOHGNNKTOB

ISSN 2221-2582

WHTEPECOB, CBA3aHHbIX C My6nMKaumen HacTos-
Len ctaTbu.

UcTouHuK PpuHaHcmpoBaHuA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUN BHELHErO GUHAHCUPOBAHNA
npwv NpoBeAeHNN UCCTIefOBaHMA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
yuio. ABTOPbI MOAYUYNIM NUCbMEHHOe cornacue
3aKOHHbIX NPeACTaBUTENEN NALMEHTOB Ha Ny6nu-
KaLuio MeaNLMHCKNX OaHHbIX.
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